Purpose: The aim of the study was to investigate the correlation between THI (Tinnitus Handicap Inventory) and BDS (Beck Depression Scale).
Tinnitus is an otological and neurotological symptom that is described as perception of sound when there is no external stimulus. Patients define tinnitus as ringing buzzing, whistling or humming in their unilateral or bilateral ears or into their head [1] [2] [3] . Tinnitus is most prevalent at 40-80 years of age, with 17% of the general population and 33% of the geriatric population complaining of tinnitus [4] .
The pathophysiology of tinnitus is not precisely understood [5] , and many ideas have been put forward for the physiological mechanism of tinnitus; however, all of the suggested mechanisms of pathogenesis are based on a spontaneous increase in the activity at the nerve fibrils [4, 6] .
Many studies in literature have shown that acoustic evaluations alone are not sufficient for assessment of tinnitus. Psychosomatic tests must also be carried out for patients with tinnitus [7] . THI (Tinnitus Handicap Inventory) is one of the most commonly used tests. Wilson et al. first described the scale [8] and Aksoy et al. subsequently translated it into Turkish. THI assesses the emotional, functional and catastrophic effects of tinnitus on the patients [7] .
The inventory consists of 25 items and each item has three answer options: yes: 4 points, sometimes: 2 points, no: 0 points. Thus, score ranges from 0 to 100 [9] .
Depression is a kind of syndrome or disease that is related to psychological breakdown. Some studies associate depression with tinnitus at the molecular level, and these studies have shown that similarities exist in the molecular mechanisms of the two diseases. The most obvious similarly for both diseases is the serotonin mechanism disorder. Deniz et al. showed the significance of the serotonin mechanism in tinnitus and pointed out the similarity with depression [10] . It is known that one of the psychosomatic effects of tinnitus is the presence of psychological disorders, like depression. Depression may cause tinnitus or vice versa. BDS is one of the scales used for assessing the level of depression for the patients with tinnitus. Produced by Beck in 1961, the scale was rewritten at 1971 and it published in 1978 [10] . The scale consists of 25 items and the higher the points, higher the depression level. The scale is executed with clinical observations [10] .
Perception of tinnitus differs from patient to patient. There are four significant methods for objective assessment of tinnitus: 1. measuring tinnitus frequency [11] ; 2. measuring tinnitus intensity [11] ; 3. investigating masking level of tinnitus [12] ; and, 4. residual inhibition [13] . These data provide knowledge to physicians about the psychoacoustic properties of tinnitus. These data also help the physician to choose appropriate therapeutic techniques and to monitor the results of the treatment [14] . There are multiple methods for evaluating tinnitus frequency and intensity. Schulman, for example, investigated the 'one pair method' and asked the patients to choose the most similar tone after providing two different tone stimuli. Vernan confirmed that this method was reliable [15] . Miguel et al. compared the tinnitus intensity and frequency levels that are measured with a conventional audiometer and a high frequency audiometer. They showed that tinnitus frequency measured with high frequency audiometer is higher than the measurement with the aid of standard audiometer [14] . In our study we measured the tinnitus frequency and intensity with high frequency audiometer and compare the results with BDS and THI scores.
Materials and Methods
The study took place in the Clinic of Audiology and Speech Disorders at the University of Turgut Ozal Faculty of Medicine Hospital. This research has been approved by the Ethics Committee for Clinical Research of the Turgut Ozal University Medical School.
Seventy volunteer patients, complaining tinnitus, who consulted the ENT Clinic of Turgut Özal University Beştepe Hospital, participated in this study. Forty four patients (female=26; male=18) between the ages of 18-65 years (mean age=42.4±15.2 years, min=20 years, max=65 years), who complained of tinnitus for a minimum of three months (mean period= 17.8 months min 3 months; max. 84 months), had normal cognitive levels and normal outer and middle ear function with Tip A tympanogram, and no history of ear infections in the preceding month, were included in this study.
PTA (Pure Tone Audiometer) thresholds at 250 Hz-6000 Hz frequency range were obtained with Interacoustics AC-40 audiometer (Interacoustics A/S, Middelfart, Denmark). High frequency thresholds (8000 Hz, 12000 Hz and 16000 Hz) were also measured in the same equipment. UCL (Uncomfortable Level) was obtained for all the patients by asking the patients to identify an uncomfortable level of sound with a speech stimulus.
We determined each patient's tinnitus frequency and intensity using the 'one-pair method'. THI, consisting of 21 items, and BDS, consisting of a 25 items questionnaire were administered to each patient and THI and BDS scores were calculated.
Statistical analyses were performed with IBM SPSS v.21. Normal distribution of the data was controlled with normality tests. The tinnitus frequency and intensity levels correlations with THI and BDS scores were analysed with Pearson Correlation test. Independent sample t-tests were used for comparing THI and BDS scores of unilateral and bilateral 
Results
Forty-four volunteer patients, 13 of the patients with bilateral tinnitus and 31 of the patients with unilateral tinnitus, participated in the study. Mean tinnitus frequency was 10 kHz (min 0, 25 kHz, max16 kHz and SD 4.26), mean intensity of tinnitus was 50. 6 dB (min 15 dB, max 110 dB and SD 26.9 dB). Mean THI score was 38.04 (min 10, max 86 and SD 20.03) and mean BDS score was 9.45(min 0, max 28 and SD 6.49).
All correlations were assessed with Pearson correlation test. There was a weak correlation between THI and BDS and it is not statistically significant(r=0.271) (p=0.82). There was also any correlation between THI and tinnitus frequency(r=0.053) meaning that tinnitus frequency did not affect the handicap level ( Table 2) . There was a moderate correlation between BDS and tinnitus frequency and this correlation was statistically significant (r=0.6) (p=0.001) ( Table 3 ). In other words, increasing levels of tinnitus frequency lead to increasing depression scores, as seen in Figure  1 .
The correlation between THI and tinnitus intensity was weak and not statistically significant(r=0.3) (p=0.09). Similarly, the correlation between BDS and tinnitus intensity was weak and not statistically significant too(r=0.28) (p=0.13) ( Table 4 ). Statistical analyses also show that THI scores of the patients with bilateral tinnitus and unilateral tinnitus are significantly different from each other (p<0, 05). The effect of having unilateral and bilateral tinnitus is not seen statistically significant for BDS scores (p>0, 05) ( Table 5) .
When we compared PTA thresholds and UCL scores of the patients with unilateral tinnitus, the ears with tinnitus and the ears with no tinnitus were not different from each other ( Table 6 )
Discussion
Tinnitus is seen 17% of general, 33% of geriatric population [4] and it has similar prevalence as regards to gender. Tinnitus is a serious illness for 13% of the patients with tinnitus [15] .
The pathology is associated with the auditory cortex, neurons, structures near the cochlea and central nervous system. Anxiety and depression symptoms are often comorbid to tinnitus, and are affected from serotonin and GABA receptors. [16] .
The patients' histories in our study are consistent with those of Wilson's study.
To define the effect of tinnitus on both the patients' and their quality of life, to facilitate standardization, to help the physician during diagnosis and rehabilitation and to see the results of therapy, tinnitus scales are used [17, 18] . THI and BDS are used in many studies for assessing handicap levels and depression levels [19, 20] . Crocetti et al. studied108 patients with tinnitus and found the mean value of THI as 39.76 (±23.497), he also indicated the BDS mean value as 9.97(±8.177) [25] . These results were similar to our results. Crocetti also stated that BDS scores of the patients who have THI scores higher than 38 and lower than 38 are statistically different from each other. In our study, there was no correlation between BDS and THI scores and the THI level of 38 was not found to be a significant border for BDS scores.
Defining the frequency and intensity level is important for treatment and rehabilitation period and the degree of recovery is assessed by determining the frequency level of the tinnitus [21] . Vernon indicated that 83% of the patients had tinnitus with frequencies higher than 3000 Hz [22] and Daumnan et al. indicated that 33% of the patients have tinnitus with frequencies between 3500-6500 Hz [23] . Tyler stated that the tinnitus frequency may be at higher frequencies, because the patients have hearing losses at higher frequencies [24] . In our study, although PTA thresholds are at normal levels at lower frequencies, the thresholds are passing the normal borders after 4 kHz. The PTA thresholds are increasing through the high frequencies ( Table 7) .
Miguel et al. measured tinnitus frequency and intensity both with the aid of conventional audiometer and high frequency audiometer. Tinnitus frequency levels were found to be higher when a high frequency audiometer was used [14] . In our study, we determined tinnitus frequency and intensity levels using a high frequency audiometer and the mean frequency levels is obtained was 10.33 (±4.49) kHz.
Miguel et al. also indicated that the patients who have increasing thresholds through higher frequencies, complained more; however there was no connection for tinnitus intensity [14] . In our study, there was a statistically significant correlation between tinnitus frequency and BDS; however, tinnitus intensity was not found to be correlated with BDS scores.
Deniz et al. found that the level of handicap of patients with bilateral tinnitus was more than for patients with Although BDS scores did not differ statistically, the difference was obviously important clinically, because mean BDS score for patients with bilateral tinnitus passed the border of the normal level. Tinnitus is comorbid in 50% of sudden sensory neural hearing loss, 70% of presbyacusis and 50% -90% of chronical acoustic traumas [25, 26] . Conducting hearing loss, mixed hearing loss, sensory neural hearing losses do not differ in terms of comorbidity with tinnitus. Intensity and frequency of tinnitus are related to the degree of the hearing loss. We analysed hearing thresholds and UCL scores for both ears of the patients with unilateral tinnitus: thresholds increased through high frequencies for both ears, and there were no differences between the ear with tinnitus and ear without tinnitus ( Table 7 ). This observation implied that the source of tinnitus was central rather than peripheral. We also thought that the central mechanism that was affecting the both ear at equal levels, so the hearing thresholds of both ears, which are measured with the behavioral tests, are the same.
There are many studies about acoustic and perceptual measurement of tinnitus in the literature; however, none assessed both of the parameters together and showed the correlation between the parameters. This cross sectional study was the first for obtaining the relation between audiological assessments and perceptual parameters.
